Purpose. Human physical activity is an important component of health and it gains a special significance with age, influencing the quality of life of elderly people. The present study discusses the question of whether the level of physical activity is a sufficient stimulus to evoke positive changes in body composition and bone mineral density in women from the University of the Third Age. Basic procedures. The research was conducted on 90 women aged between 65 and 74, students of the U3A. The subjects were divided into two groups on the basis of the amount of their level of physical activity declared by them in questionnaires (1-2 times a week -low physical activity group; 3 and more times a week -high physical activity group). The following measurements were taken: body weight and body height (on the basis of which the BMI was calculated for each subject), body composition including percent fat and water content as well as the amount of body fat and water, with the aid of Futurex-5000 (NIR technique). Dual-energy X-ray absorptiometry (DXA) was used to measure the bone mineral density (BMD) of the proximal segment of the femoral bone (g/cm 2 ) with the Lunar DPX-plus densitometer. Main findings. Mean, standard deviation and coefficient of variation were applied in the statistical analysis. The differences between the variables were analyzed with Student's t-test. Conclusions. The research results imply the necessity of conducting a systematic and thorough analysis of the lifestyle and quality of life of elderly people.
Introduction
Physical activity and physical fitness are two main factors determining human development and health throughout the entire ontogenesis. In childhood and adolescence physical activity activates processes of biological development. During these two periods patterns of motor behavior are most easily developed, affecting adult life. In adulthood and professional life physical activity reduces the risk of some diseases, enhances physical and mental health, minimizes the consequences of daily stress and positively affects social and family relations. Also in people of advanced age regular physical activity contributes to the improvement of quality of life, allows maintaining an independent lifestyle, inhibits involutional processes and improves one's frame of mind [1] [2] [3] [4] . Physical activity and physical fitness are important and independent health factors, and are the basic non-pharmaceutical measures in therapy and prevention of many diseases. In elderly people regular physical activity has a particularly positive impact on the passive and active locomotion system, improves muscle strength and range of articular movements, enhances coordination of movement and body balance. It also positively affects a number of functions and processes in the human body, primarily in the respiratory, cardiovascular or nervous systems [3, 5] . Thus the study of cause and effect relations between one's level of physical activity and biological condition becomes particularly important. Many authors indicate that such research must involve regional, cultural and environmental factors as well as factors such as age, sex, health or biological condition [4, [6] [7] [8] . Simultaneously, the complexity of reactions of the body to physical exercise makes it difficult to produce reliable data about the optimal intensity and duration of health training. Both excessive and insufficient physical activity can be harmful. The main problem is to set the proper limits. Another interesting issue is the study of the direction and dynamics of changes in various functions and processes of the human body affected by physical activity.
There have been very few research studies assessing the biological effects of regular exercise in older adults. Parameters which are clearly sensitive to the level of physical activity are bone mineral density and adiposity. Improper dietary habits and significant limitation of physical activity in the elderly people contribute primarily to the incidence of overweight and obesity. Researchers observe that excessive obesity leads to a number of various diseases [9] [10] [11] . In a similar way, involutional processes and limited physical activity affects the bone tissue, whose structure and endurance gradually deteriorate [8, 12] . Changes in the nervous and muscular systems can also be observed with age. Slower reaction time, limited function of the sensory organs and decreased muscle strength are conducive to postural balance disorders and increase the risk of falls [5] .
The aim of the present study was to evaluate differences in bone mineral density and body composition in women -students of the University of the Third Age involved in physical activity on different levels.
Material and methods
The University of the Third Age (U3A) in the University of Wrocław is an institution educating retired members of the community. Intellectual and psychophysical activation of U3A students is an important component of gerontological prevention and improvement of the quality of life in elderly people. Physical education is one of the most crucial aspects of gerontological education. The U3A students actively, systematically and willingly participate in theory classes (lectures and seminars) and PE classes. They take part in individual and collective recreational programs (hiking trips, tourism, cycling, skiing, outdoor games) [13] .
The study sample consisted of 90 female students of the U3A in the University of Wrocław, aged 65-74 years. On the basis of their declared levels of regular physical activity the subjects were divided into two groups: Group I was composed of highly physically active women (n = 36), exercising regularly at least three times a week, who chose to participate in organized forms of physical recreation (e.g. health training as part of osteoporisis prevention, backache prevention, Tai Chi, social dances, swimming) or individual exercises (gymnastics, walking, tourism, individual sports and recreation). Group II included women with a low level of physical activity (n = 54), i.e. exercising once or twice a week. The mean age was 66.8 years in Group I, and 67.6 years in Group II. The study was carried out in the Center for Biokinetic Research of the University School of Physical Education in Wrocław in 2005 and 2006. The basic somatic parameters were measured: body height with an anthropometer (to 0.1 cm), body weight with an electronic scales (to 0.1 kg). On the basis of body height and weight measurement results the Body Mass Index (BMI) was calculated for each subject. Body composition was assessed with the Futurex-5000 computer-printer using Near Infrared Interactance technique (NIR). The body fat, body water and lean body mass (LBM) were given in percent and kilograms. The measurements were taken on the bicepos brachii.
The measurements of bone mineral density were taken at the femoral neck (Neck), Ward's triangle (Ward) and greater trochanter (Troch) of the femur. Bone Mineral Density (BMD) was measured with Dual-Energy X-ray Absorptiometry (DXA) using the Lunar DPX-plus densitometer (USA). The measurements were taken in the Densitometrics Center of the Chair and Teaching Hospital of Endocrynology and Diabetology at the Wrocław Medical University. The results were presented as absolute BMD values; percent of BMD peak values with t-score standard deviation; and percent of BMD age standard with z-score standard deviation. The statistical analysis parameters included mean, SD and coefficient of variance. The differences between the mean values were assessed with Student's t-test (p < 0.05). The correlations between body composition and bone mineral density were estimated with the Pearson's correlation coefficient in both groups under study.
Results
The body height values in both groups were similar, i.e. under 159 cm. The mean body weight was a few kilograms lower in the group of physically active women. There were also fewer differences in body weight within Group I than within Group II. In both groups the BMI slightly exceeded the upper limit set by the WHO at 25. In Group I, however, the BMI was lower than in Group II. There were also fewer BMI differences within Group I than within Group II (Tab. 1).
The BMD measurement results in the proximal segment of the femur were far better among the highly active women (Group I). Statistically significant differences were noted in the percent of BMD age standard and zscore for measurements at the femoral neck (Neck) and greater trochanter (Troch). The bone density measurement results at Ward's triangle (Ward) were better for women from Group I. These differences, however, were statistically non-significant (Tab. 2).
The BMD absolute values and percentage of peak values from the femoral measurements (Neck, Ward, Troch) varied depending on the bone area. However, the BMD values presented as percent of age standard showed no such differences.
Much better measurement results were obtained by the active women from Group I: their BMD values as percent of age standard amounted to 90% for the femoral neck and 97% for the greater trochanter (Tab. 2). It should be noted that in both study groups the BMD as percent of age standard exceeded 100%. The body fat content (in % and kg) was significantly lower in women exercising regularly than in women from Group II (Tab. 1). As far as the water body content was concerned, the subjects from Group I achieved much better results than their counterparts from Group II (Tab. 1). The better values of body fat and body water content also produced a better lean body mass record in Group I as compared with Group II. This difference, however, was not statistically significant (Tab. 1). A number of statistically significant correlations can be found between the examined somatic parameters, body fat and water content and the BMD of the femur (Tab. 3, 4) . These correlations were stronger and more often statistically significant in Group I (Tab. 3), especially correlations between the BMD of the femur and body weight, and the BMI and fat content in kg and water content in %. The strongest correlations were observed between the BMD at the femoral neck and the greater trochanter and the BMI (0.62). In Group II the strength of correlation between the studied parameters was significantly lower (Tab. 4). Negative correlations between BMD and the percent of body water content are due to the fact that the bone tissue contains almost no water at all. On the other hand, body water content in kg was positively correlated with BMD, as it is a component of the total body mass constituting the natural and mechanical load of the skeleton.
Discussion
The Universities of the Third Age play a crucial role in gerontological prevention as they activate senior citizens psychophysically, intellectually and socially. The first University of the Third Age was founded at the University of Toulouse in the academic year of 1973-1974. Poland was the third country in the world (after France and Belgium) which offered university education for senior citizens. In 1975 the U3A was founded in Warsaw and a year later in Wrocław. According to Szwarc [4] , "The primary objective of U3A is improvement of quality of life of the elderly, ensuring good conditions of the aging process by broadening knowledge of the world, creative teamwork and physical culture."
Significant changes in the bone tissue are part of the aging process in living organisms. There are no precise measures of general bone endurance. Bone mineral density, which is a supplementary measure, accounts for about 70% of bone endurance. A densitometric measurement permits a quantitative assessment of bone calcification and thus, indirectly, bone mass. BMD measurements have been shown to be highly correlated with mechanical endurance of the femoral neck, spine and the risk of bone fracture. Maintaining the proper state of the skeletal system should be a lifetime process to avoid osteoporosis which leads to reduced bone endurance and an increased risk of fracture [14] [15] [16] [17] .
The obtained results show that bone mineral density of the proximal segment of the femur is higher in physically active women. A number of experiments and clinical examinations reveal that physical exercises, which are properly carried out and adjusted to individual predispositions, can prevent the decrease in bone mass in older people. Regular physical activity of the elderly should be organized in controlled and limited forms, with relatively low loads of the skeleton to minimize the risk of falls and shocks.
The positive influence of physical activity in postmenopausal women has been discussed in a number of studies [18] [19] [20] . The results of densitometric measurements in the present study indicate the possibility of osteopenia or osteoporosis in some of the subjects examined. All the U3A female students participated in a comprehensive educational program on osteoporosis prevention. The research results allowed us to select individuals with a high risk of the disease, who began to take part in preventive programs or treatment and were referred to specialist centers.
The above results point to statistically significant correlations between bone mineral density and somatic parameters and bone composition in older women. In the group of women who were highly physically active, as opposed to their physically passive counterparts, these correlations were stronger and more often statistically significant.
The positive correlation between the BMI and bone mineral density has been confirmed in a few studies [18, [21] [22] [23] . Heavier women were characterized by a higher BMD at the lumbar spine (L2-L4), proximal segment of the femur and the radius, as compared with women with normal body weight. Beiseigel [18] in a study of 800 women showed that the BMD of the L2-L4 region of the spine and the femur was positively correlated with BMI. The mechanical factor (mass and volume) of all tissues, including the fatty tissue, plays a crucial role in the prevention of bone fractures. A larger amount of the muscular and adipose tissue is tantamount to a greater load of the skeleton. A greater load of the skeleton in adolescence causes an increase in the peak bone mass, which in the postmenopausal period makes reaching the critical point of bone fracture a much slower process. Women with thicker bones must lose more bone mass (faster bone resorption, longer bone tissue duration than women with thinner bones) to reach the same critical threshold of fracture. Additionally, the fatty tissue not only overloads the skeleton but there also takes place an extraglandular synthesis of estrogens [23] .
The observed BDM differences in particular areas of the femur (femoral neck has the highest BMD, and Ward's triangle the lowest) are confirmed in the bone structure. The density of the femoral neck is most important in assessment of the risk of fracture, as changes in this area reflect the structure of a cortical bone (with 75% of cortex and 25% of cancellous bone). Ward's triangle is not strictly an anatomical area but an area of the femoral bone with the lowest BMD automatically marked by the densitometer. It is assumed that it reflects the structure of a cancellous bone. However, as the area of the earliest decline of bone mass in the femur in postmenopausal women, Ward's triangle is the best standard of changes in trabecular bone. In the area of greater trochanter the distribution of cortical and cancellous bone is more or less even [24, 25] . This differentiation is characteristic of bone tissue undergoing involutional changes.
It should be noted that the U3A female students under study are not representative of the general population of the elderly. Dąbrowska et al. [26] reveals that U3A students usually have a secondary or higher education and regularly attend courses related to issues of health education, physical recreation and rehabilitation. The educational program of the U3A is aimed at broadening health knowledge, and is conducive to development of pro-health behavior patterns and to raising the level of quality of life. It can be assumed that such a curriculum offered to senior citizens promotes not only a physically active lifestyle, but also good dietary habits.
Although women who are highly physically active feature better parameters of body composition and bone density, their less active counterparts only slightly exceed the accepted norms of their parameters, in particular, BMI and percent of body fat (commonly accepted at no more than 33% of the total body mass [11] ). The more physically active women exceed this limit by about 1%, while the less active ones by about 5%. The bone mineral density (BMD) as percent of the ideal value in both groups of women exceeds 100%. It is highly positive, as at an advanced age the sense of balance deteriorates, which leads to a higher risk of falls [2, 3, 5] . A higher BMD can prevent bone fracture during falls.
Conclusions
The study results show that the bone mineral density is higher and measurement results of body composition are better in physically active women. The strength and number of correlations between BMD and somatic parameters are higher in women who are more physically active. The positive correlation between BMD, body weight and the BMI, and adiposity indicate that the higher somatic parameters are related to more positive BMD values. At the same time the parameters in the experimental group (Group I) were lower than in the control group (Group II). This could be an indication of the fact that loading the skeleton with body mass and its components is optimally desirable.
The obtained results point to the need of further and more thorough research into the area since the relations between changes in older people's bodies and physical activity have been often subject to rather ambiguous reports and analyses.
